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SEPARATION OF PROTEINS I N  MOLLUSC SHELLS BY GEL-FILTRATION 
P r o t e i n s  and g l y c o p r o t e i n s  are invo lved i n  b i o l o g i c a l  m i n e r a l i z a t i o n  
processes. For example, co l lagens  i n  bone s t r u c t u r e s  o f  v e r t e b r a t e s  promote 
t h e  f o r m a t i o n  o f  a p a t i t e  seeds- , whereas g l y c o p r o t e i n s  i n  t h e  exoskeleton 
o f  crabs p r o v i d e  a s e t  o f  h i g h l y  s p e c i f i c  templates f o r  c a l c i t e  n u c l e a t i o n - .  
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I n  mo l luscs ,  a w ide ,ar ray  o f  s t r u c t u r a l l y  d i f f e r e n t  p r o t e i n s  a r e  conta ined i n  
t h e  s h e l l  s t r u c t u r e s ,  a t t e s t i n g  t o  t h e  h e t e r o g e n i t y  o f  c a l c i f i e d  t issues-  3/ 
I t  has been suggested t h a t  independent o f  t h e  k i n d  o f  p r o t e i n  p a r t i c i p a t -  
ing  i n  c r y s t a l - s e e d  fo rmat ion ,  the most e s s e n t i a l  f a c t o r , i n  n u c l e a t i n g  a 
minera l  phase appears t o  be the a v a i l a b i l i t y  o f  f r e e  carboxy l  groups prov ided 
by c e r t a i n  a c i d i c  amino a c i d s  and f r e e  amino groups by c e r t a i n  b a s i c  amino 
a c i d s  and hexosaminesl-4_/ I t  i s  thus i n f e r r e d  t h a t  throughout  t h e  animal 
kingdom, Nature adheres t o  the same p r i n c i p l e s  when i t  comes t o  t h e  f o r m a t i o n  
o f  minera l  n u c l e i .  
To t e s t  t h i s  assumption, mo l lusc  s h e l l  t i s s u e s  o f  w i d e l y  d i f f e r e n t  b i o -  
chemical composi t ion and phylogeny have been s t u d i e d  by means o f  enzymatic 
and non-enzymatic degradat ion  techniques and by g e l - f i l t r a t i o n .  T r y p t i c  
d i g e s t s  d i d  n o t  r e s u l t  i n  the  d i s s o l u t i o n  o f  s h e l l  mat r iA  p r o t e i n s  bu t  t r e a t -  
ments w i t h  urea,  hydroxylamine and f o r m i c  a c i d  degraded t h e  t i s s u e s .  Accord- 
i n g  t o  p r e l i m i n a r y  s t u d i e s ,  the  hydroxylam 
age o f  t h e  p r o t e i n  molecule t o  u n i t s  o f  mo 
‘?h 
0 
4/ 20,000 t o  80,000-. 
The a n a l y t i c a l  
l i n e d  i n  F i g u r e  1 .  
scheme f o l  lowed 
The d e c a l c i f i e d  
ne t rea tment  r e s u l t e d  i n  a c leav-  
e c u l a r  we igh t  o f  approx imate ly  
d u r i n g  t h e  present  i n v e s t i g a t i o n  i s  o u t -  
o r g a n i c  t i s s u e  was t r e a t e d  w i t h  a 
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h y d r ~ x y l a m i n e / 6  M Urea s o l u t i o n  f o r  24 hours a t  45°C and subsequent ly w i t h  
95% f o r m i c  a c i d  f o r  4 hours a t  4 5 ° C .  Each t reatment  was f o l l o w e d  by c e n t r i -  
f u g a t i o n  and by g e l - f i l t r a t i o n  o f  t h e  supernatent ,  on G-25 Sephadex columns. 
A v a r i e t y  o f  b u f f e r  systems were t e s t e d  and t h e  m o l a l i t y  o f  the  b u f f e r s  
(0.1 t o  1 )  d i d  n o t  p l a y  a s i g n i f i c a n t  r o l e  i n  t h e  e f f i c i e n c y  o f  separat ion.  
A l though some b u f f e r  systems proved t o  be s l i g h t l y  b e t t e r  than t h e  r o u t i n e l y  
used borax b u f f e r  o f  pH 9 (hydroxylamine/urea f r a c t i o n )  and f o r m i c  a c i d  
b u f f e r  o f  pH 3.0 ( f o r m i c  a c i d  f r a c t i o n )  t h e  two l a t t e r  ones i n t e r f e r e d  
l e a s t  w i t h  t h e  subsequent amino a c i d  a n a l y s i s .  
(M.W.>5.000) were hydro lyzed and examined f o r  t h e i r  amino a c i d  composit ion- . 
To f a c i l i t a t e  a comparison, t h e  amino a c i d  a n a l y s i s  o f  t h e  o r i g i n a l  samples 
and t h e  res idues a r e  inc luded i n  Table I .  
The h igh-molecular  f r a c t i o n s  
4/  
The a n a l y t i c a l  da ta  i n d i c a t e  t h a t  throughout  t h e  mol luscan phylum the 
urea/hydroxylamine f r a c t i o n  i s  c o n s i s t e n t l y  enr iched i n  a s p a r t i c  ac d, l y s i n e  
and amino sugars a l though t h i s  r e l a t i o n s h i p  i s  n o t  n e c e s s a r i l y  d i s p  ayed when 
these t h r e e  amino compounds a r e  h i g h l y  conFentrated i n  t h e  o r i g i n a l  s h e l l .  
I t  i s  t e n t a t i v e l y  suggested t h a t  t h i s  p e p t i d e  f r a c t i o n  c o n t a i n s  t h e  a c t i v e  
s i t e s  f o r  t h e  d e p o s i t i o n  o f  t h e  minera l  phase and t h a t  t h e  remaining p a r t  o f  
t h e  prote inaceous m a t r i x  i n  t h e  s h e l l s  i s  n o t  invo lved i n  t h e  a c t u a l  c a l c i -  
f i c a t i o n .  I t  i s  reasonable t o  assume t h a t  s i m i l a r  s t r u c t u r e s  a r e  conta ined 
i n  o t h e r  m i n e r a l i z e d  t i s s u e s  such as a r e  found i n  bones o r  tee th .  A f u l l  
account on t h e  phy logenet ic  and chemical aspects o f  these exper iments w i l l  
be presented elsewhere, together  w i t h  severa l  hundred amino a c i d  analyses 
f rom c a l c i f i e d  and u n c a l c i f i e d  pro te ins-  . 5 1  
E .  T. Degens, B. W .  Johannesson and R. W. Meyer 
Department o f  Chemistry 
Woods Hole Oceanographic I n s t i t u t i o n  
Woods Hole, Massachusetts, U.S.A. 
-3- 
1. Gl imcher,  M. J.: In Calcif ication i n  Biological Systems Am. Ass. Advanc. 
Sc i . ,  2, 421 (1960) 
2. Carey, F. G., D. W. Spencer and E. T. Degens: Nature ( i n  press)  
3. Hare, P. E. and P. H. Abelson: Rep. D i r .  geophys. Lab., Carnegie I n s t -  
i t u t i o n  64, 223 (1965) -
4. Degens, E. T., D. W .  Spencer, and R. H. Pa rke r :  Comp. Biochem. Phys io l . ,  
- 20, 553 (1967) 
5. G h i s e l i n ,  M. T. and E. T. Degens: (unpubl ished manusc r ip t )  
6. The work was sponsored by t h e  N a t i o n a l  Ae ronau t i cs  and Space Admin i s t ra -  
t i o n  and by a g r a n t  f rom t h e  Petroleum Research Fund admin i s te red  
by t h e  American Chemical Soc ie ty .  C o n t r i b u t i o n  No. 1961 Trom t h e  
Woods Hole Oceanographic I n s t i t u t i o n .  
F i g u r e  1 Flow diagram o f  a n a l y t i c a l  procedures 
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